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DESCRIPTION 

METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE 

5 BACKGROUND OF THE INVENTION 

Technical Field of the Invention 

The present invention relates to a method for 
manufacturing a semiconductor device including an 
insulating film on a semiconductor substrate (wafer) . More 
10 particularly, it relates to a method for manufacturing 

semiconductor device which can completely eliminate voids 
(bubbles) generated in the insulating film or open pores 
generated owing to insufficient filling-in of the 
insulating film. 

15 

Description of the Related Art 

For example, in steps of manufacturing a 
semiconductor device, an MOSFET gate electrode is formed on 
a semiconductor substrate to protrude therefrom, whereby a 

20 concave portion is formed between the gate electrode and a 
gate electrode adjacent to the electrode, and a concave 
portion, a convex portion and a stepped portion (trench) 
are made in the gate electrode and between the gate 
electrodes. When this stepped portion enlarges, there 

25 occurs focus deviation during drawing of a wiring pattern 
by exposure. In a case where wiring lines are formed to 
intersect with one another, a lap portion of an 
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intersecting portion becomes thin, and this causes 
disconnection. Such problems are generated which result in 
defects of the semiconductor device. To solve the problems, 
as a method of eliminating such stepped portion, an inter 
5 layer dielectric such as a BPSG film or a PSG film is 
formed on the stepped portion by a chemical vapor 
deposition (CVD) , and the surface of this inter layer 
dielectric is flattened by a certain method. 

In recent years, as there have progressed the 

10 miniaturization and high densif ication of semiconductor 
devices with high integration and capacity enlargement 
thereof, an aspect ratio (ratio of a depth-direction 
dimension with respect to a lateral dimension of a 
structure) of each structure rises, and the stepped portion 

15 of the structure tends to enlarge in a preparing step. 

Therefore, there rises a probability that voids (bubbles) 
are generated in the insulating film during formation of 
the above inter layer dielectric, and open pores are 
sometimes generated in the insulating film owing to 

20 unevenness of the formation of the insulating film in the 
trench or lack of a film formation amount (film formation 
defect). FIGS. 1A and IB show sectional shapes of a 
semiconductor device in the process of the manufacturing of 
a conventional semiconductor device, FIG. 1A shows a case 

25 where a void 53 is generated in an inter layer dielectric 
52 formed on a concave and convex portion 51 formed by an 
element on a semiconductor substrate 50, and FIG. IB shows 
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a case where an open pore 54 is generated in the inter 
layer dielectric 52. It is to be noted that in FIGS. 1A 
and IB, reference numeral 55 denotes a barrier layer. 

Heretofore, the semiconductor substrate on which the 
5 inter layer dielectric has been formed is subjected to a 
heat treatment at a temperature of 900°C in an inert gas 
atmosphere under a normal pressure (0.1 MPa) or subjected 
to a heat treatment at a temperature slightly below 900°C 
in the atmosphere containing oxygen or water vapor under 

10 the normal pressure, thereby fluidizing ( ref lowing) the 
insulating film to thereby flatten the film. By this 
reflow treatment, the voids or the open pores generated in 
the insulating film have been eliminated. As prior arts 
associated with this method, the following patent documents 

15 1 and 2 are disclosed. 

The "method for flattening insulating film of 
semiconductor device" of Patent Document 1 has a purpose of 
effectively conducting a reflow treatment on a BPSG film of 
a semiconductor device at comparatively low temperature in 

20 a short period of time. In a method in which the 

insulating film formed on the concave and convex surface of 
a substrate of the semiconductor device is flattened by 
thermal reflow, the thermal reflow is performed in the 
atmosphere containing oxygen or water vapor under a 

25 pressure of 0.3 MPa or more. Moreover, according to this 
method, the quantity of oxygen to be diffused on the 
insulating film and the diffusion speed increase, and 
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excellent reflow of the BPSG film is accomplished at a low 
temperature for a short period of time as compared with a 
conventional method. 

The "method for manufacturing semiconductor device" 
5 of Patent Document 2 has a purpose of obtaining flatness 
which is sufficient for performing a low-temperature 
treatment. After an element is formed on a semiconductor 
substrate, a silicon nitride film is formed on this element. 
On this film, a BPSG film containing boron and phosphorus 

10 is formed, and further on this film, an SOG film containing 
at least one of boron and phosphorous is formed by a 
coating method. Then, the substrate is heat-treated in a 
high-pressure atmosphere containing water vapor. Therefore, 
the SOG film is gelatinized and flattened by a high 

15 external pressure which is applied to the film itself. 
[Patent Document 1] 

Japanese Unexamined Patent Publication No. 5-67607 
[Patent Document 2] 

Japanese Unexamined Patent Publication No. 10-275805 

20 in the above "method for flattening insulating film 

of semiconductor device" of Patent Document 1, the heat 
treatment can be performed at 800°C which is lower than a 
conventional reflow treatment temperature. In the "method 
for manufacturing semiconductor device" of Patent Document 

25 2, the reflow treatment temperature can be set to 700°C or 
less. It can be expected that the insulating film can be 
fluidized by the reflow treatment to eliminate the voids or 
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the open pores generated in the insulating film. However, 
since the heat treatment temperature of 700°C to 800°C as 
in Patent Documents 1 and 2 adversely affects 
characteristics of the element to be miniaturized, there is 
5 a demand for a further decrease of the treatment 

temperature to reduce damages due to the heat treatment in 
further integrating the semiconductor device • Even in the 
treatment at the high temperature, in which a high fluidity 
is obtained, the voids remain sometimes without being 

10 completely eliminated, depending on a position where the 
voids have been generated or a size of the voids. The 
remaining voids might cause a device defect. Especially as 
the size of the voids is decreased, an effect produced by 
buoyancy during the fluidization deteriorates, and this 

15 increasingly raises a possibility that the voids remain. 
In a case where the open pores are generated in the 
insulating film, the surface of the open pores is flattened 
by surface tension of the insulating film during the reflow 
treatment, but the open pores are not closed, or the 

20 concave and convex portion (trenches) is not filled in. 



SUMMARY OF THE INVENTION 



The present invention has been developed in order to 
25 solve the above problems. That is, an object of the 

present invention is to provide a method for manufacturing 
a semiconductor device, in which voids in an inter layer 



- 6 - 



dielectric can completely be eliminated at a heat treatment 
temperature that is lower than before, and further open 
pores generated in the inter layer dielectric can be filled 
in • 

5 To achieve the object of the present invention, 

according to a first aspect of the invention, there is 
provided a method for manufacturing semiconductor device, 
including: a first film forming step of forming, on a 
concave and convex portion formed by an element on a 

10 semiconductor substrate, an oxidation preventive layer 

which prevents permeation of moisture into the element; a 
second film forming step of forming, on this oxidation 
preventive layer, an expansion layer which can be oxidized 
and expanded by a heat treatment in an oxidation 

15 atmosphere; a third film forming step of forming, on this 
expansion layer, an insulating film which can be fluidized 

r 

by the heat treatment in the oxidation atmosphere; and an 
expansion step of subjecting, to the heat treatment in the 
oxidation atmosphere, the semiconductor substrate on which 

20 the oxidation preventive layer, the expansion layer and the 
insulating film have been formed, to fluidize the 
insulating film and to oxidize and expand the expansion 
layer, thereby eliminating bubbles generated in the 
insulating film. 

25 In a second aspect of the invention, which is a 

preferable embodiment of the first aspect of the invention, 
the expansion layer is made of a polycrystalline silicon, 
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an amorphous silicon or a silicide. 

In a third aspect of the invention, which is a 
preferable embodiment of the first aspect of the invention, 
the expansion layer is made of aluminum, tantalum or an 
5 alloy of them. 

In a fourth aspect of the invention, which is a 
preferable embodiment of the first aspect of the invention, 
the insulating film is a silicon oxide film containing at 
least one of phosphorus, arsenic, boron, fluorine and a 
10 halide. 

In a fifth aspect of the invention, which is a 
preferable embodiment of the first aspect of the invention, 
the oxidation preventive layer is formed of a silicon 
nitride film. 

15 In a sixth aspect of the invention, which is a 

preferable embodiment of the first aspect of the invention, 
a pressure of the oxidation atmosphere in the expansion 
step is atmospheric pressure or more, and a heat treatment 
temperature is 400°C to 800°C. 

20 According to a seventh aspect of the invention, 

there is provided a method for manufacturing semiconductor 
device, comprising a first film forming step of forming, on 
a concave and convex portion formed by an element on a 
semiconductor substrate, an oxidation preventive layer 

25 which prevents permeation of moisture into the element; a 
second film forming step of forming, on this oxidation 
preventive layer, an expansion flow layer which can be 
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oxidized, expanded and fluidized by a heat treatment in an 
oxidation atmosphere and which has an insulating property; 
and an expansion step of subjecting, to the heat treatment 
in the oxidation atmosphere, the semiconductor substrate on 
5 which the oxidation preventive layer and the expansion flow 
layer have been formed, to oxidize, expand and fluidize the 
expansion flow layer, thereby eliminating bubbles or open 
pores generated in the expansion flow layer. 

In an eighth aspect of the invention, which is a 

10 preferable embodiment of the seventh aspect of the 
invention, the expansion flow layer is made of a 
polycrystalline silicon or an amorphous silicon containing 
at least one of boron, phosphorus and fluorine. 

In a ninth aspect of the invention, which is a 

15 preferable embodiment of the seventh aspect of the 

invention, the oxidation preventive layer is formed of a 
silicon nitride film. 

In a tenth aspect of the invention, which is a 
preferable embodiment of the seventh aspect of the 

20 invention, a pressure of the oxidation atmosphere in the 

expansion step is atmospheric pressure or more, and a heat 
treatment temperature is 400°C to 800°C. 

According to the first to sixth aspects of the 
invention, the oxidation preventive layer is formed on the 

25 concave and convex portion formed by the element on the 

semiconductor substrate, the expansion layer is formed on 
the oxidation preventive layer, the insulating film is 



- 9 - 



formed on the expansion layer, and the semiconductor 
substrate on which they have been formed is subjected to 
the heat treatment in the high-pressure oxidation 
atmosphere. The insulating film is fluidized, and the 
5 expansion layer is oxidized and expanded, thereby promoting 
the fluidization of the insulating film. In consequence, 
the voids (bubbles) generated in the insulating film can 
completely be eliminated. 

Moreover, according to the seventh to tenth aspects 

10 of the invention, the oxidation preventive layer is formed 
on the concave and convex portion formed by the element on 
the semiconductor substrate, the expansion flow layer is 
formed on the oxidation preventive layer, and the 
semiconductor device on which they have been formed is 

15 subjected to the heat treatment in the high-pressure 
oxidation atmosphere, and the expansion flow layer is 
expanded and fluidized, whereby the voids (bubbles) 
generated in the expansion flow layer can completely be 
eliminated. Even in a case where the open pores are 

20 generated owing to insufficient filling-in of the expansion 
flow layer, the open pores are filled in owing to effects 
of the expansion and fluidization, and the open pores can 
therefore be eliminated. 

In the conventional reflow treatment in which a 

25 fluidizing effect only is expected, a fluid resistance 

increases, when the voids become small. Therefore, it has 
been necessary to raise a treatment temperature or lengthen 
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a treatment time. However, in a case where the expansion 
layer is used for promoting the fluidization of the 
insulating film as in the first to tenth aspects of the 
invention, the heat treatment temperature and time depend 
5 on expansion of the expansion layer. Therefore, as the 
voids become small, the expansion of the expansion layer 
for eliminating the voids may be small. Therefore, it is 
possible to lower the treatment temperature, or shorten the 
treatment time. Even in a case where the expansion flow 
10 layer is expanded and fluidized, the heat treatment 
temperature and time depend on the expansion of the 
expansion flow layer. Therefore, similarly it is possible 
to lower the treatment temperature, or shorten the 
treatment time. 

15 Therefore, according to the method of manufacturing 

the semiconductor device of the present invention, it is 
possible to obtain effects that the treatment temperature 
can be set to be lower than before, the semiconductor 
device can be manufactured without any voids or open pores 

20 in the insulating film, and yield of the device can be 
enhanced . 

Other objects and advantageous characteristics of 
the present invention will be apparent from the following 
description with reference to the accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIGS. 1A and IB are diagrams showing prior arts; 

FIGS. 2A to 2C are diagrams showing sectional shapes 
of a semiconductor device to which there is applied the 
method for manufacturing semiconductor device in a first 
5 embodiment of the present invention; 

FIG. 3 is a diagram showing dependence of oxide film 
thicknesses of a polycrystalline silicon and single crystal 
silicon on a treatment time; 

FIG. 4 is a diagram showing the dependence of the 
10 thickness of the single crystal silicon oxide film on a 
treatment temperature ; 

FIG. 5 is a diagram showing the dependence of the 
speed of the single crystal silicon oxide film on a 
treatment pressure; 
15 FIGS. 6A and 6B are diagrams showing a behavior in 

which voids in an insulating film are eliminated by the 
method for manufacturing semiconductor device in the first 
embodiment of the present invention: 

FIGS. 7A to 7E are diagrams showing sectional shapes 
20 of a semiconductor device to which there is applied the 

method for manufacturing semiconductor device in a second 
embodiment of the present invention; and 

FIGS. 8A and 8B are diagrams showing a behavior in 
which open pores of an expansion flow layer are eliminated 
25 by the method for manufacturing semiconductor device in the 
second embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
Embodiments of the present invention will be 
described hereinafter in detail with reference to the 
accompanying drawings. It is to be noted that in each 
5 drawing, the same part is denoted with the same reference 
numeral, and redundant description is omitted. 

First, there will be described the method for 
manufacturing semiconductor device in a first embodiment of 
the present invention. The method for manufacturing 

10 semiconductor device in the first embodiment of the present 
invention includes: a first film forming step of forming an 
oxidation preventive layer on a concave and convex portion 
formed by an element on a semiconductor substrate; a second 
film forming step of forming an expansion layer; a third 

15 film forming step of forming an insulating film; and an 
expansion step of subjecting, to a heat treatment, the 
semiconductor substrate on which they have been formed, 
thereby expanding the expansion layer. The respective 
steps will be described hereinafter. 

20 FIGS. 2A to 2C show sectional shapes of the 

semiconductor device to which there is applied the method 
for manufacturing semiconductor device in the first 
embodiment of the present invention. First, as shown in 
FIG. 2A, the first film forming step is performed to form 

25 an oxidation preventive layer 2 as a first layer by a low- 
pressure chemical vapor deposition (hereinafter referred to 
as "LPCVD"). on a concave and convex portion 1 (trench) 
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formed by a wiring structure (element) such as a gate 
insulating film or a gate electrode formed on a 
semiconductor substrate 11. In the present embodiment, a 
magnitude of the trench of the concave and convex portion 1 
5 indicates a width of 1 jum and a depth of 2.5 jam, and the 
oxidation preventive layer 2 having a thickness of 150 nm 
was formed on this portion. This oxidation preventive 
layer 2 is formed of, for example, a silicon nitride film, 
and functions as a protective film (barrier layer) for 

10 preventing permeation of moisture due to a treatment of the 
subsequent step into the element. 

Next, as shown in FIG. 2B, the second film forming 
step is performed by LPCVD to form, on the oxidation 
preventive layer 2 as the first layer, an expansion layer 3 

15 as a second layer which can be oxidized and expanded by a 
heat treatment in an oxidation atmosphere . The expansion 
layer 3 is formed so that a thickness of the layer becomes 
1/2 or more of a width of each void which would finally be 
generated in an insulating film 4 described later. In the 

20 present embodiment, the expansion layer 3 having a 

thickness of 100 nm was formed. This expansion layer 3 is 
preferably a film made of a polycrystalline silicon, an 
amorphous silicon or a silicide. The layer may be a film 
made of aluminum, tantalum or an alloy of them. 

25 Furthermore, in addition to the above expansion layer, it 

is possible to adopt all substances that have a property of 
being oxidized to expand in the oxidation atmosphere. 
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Next, as shown in FIG. 2C, the third film forming 
step is performed by an atmospheric-pressure chemical vapor 
deposition (hereinafter referred to as "APCVD") to form, on 
the expansion layer 3 as the second layer, the insulating 
5 film 4 as a third layer to such a degree as to fill in the 
concave and convex portion. This insulating film 4 is 
preferably a silicon oxide film (a BPSG film, a PSG film or 
the like) containing at least one of phosphorus, arsenic, 
boron, fluorine and a halide. At this time, a void 5 
10 (bubble) is generated in the insulating film 4 as shown in 

the drawing. 

Next, the expansion step is performed to subject the 
semiconductor substrate 11 having the formed first to third 
layers to a heat treatment in an atmosphere (oxidation 

15 atmosphere) containing oxygen or water vapor, whereby the 
expansion layer 3 is oxidized and expanded. 

Here, FIG. 3 shows dependence of oxide film 
thicknesses of a polycrystalline silicon and single crystal 
silicon on a oxidation treatment time. The abscissa 

20 indicates an oxidation treatment time [min] , and the 

ordinate indicates an oxide film thickness [nm] . In the 
figure, "p-Si" indicates the polycrystalline silicon, and 
"c-Si (100)" indicates the single crystal silicon (100). A 
heat treatment was performed in the atmosphere containing 

25 water vapor under conditions that a temperature and a 

pressure were 600°C and 2 MPa, respectively. From this 
result, it is seen that the thicknesses of oxide films of 
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both of the polycrystalline silicon and the single crystal 
silicon tend to increase in proportion to an oxidation 
treatment time. 

FIG . 4 shows dependence of the thickness of the 
5 single crystal silicon oxide film on an oxidation treatment 
temperature, the abscissa indicates an oxidation treatment 
time [min] , and the ordinate indicates the oxide film 
thickness [nm] . In the figure, "white circle", "black 
square" and "black triangle" indicate treatment 

10 temperatures, respectively, "white circle" indicates 600°C, 
"black square" indicates 580°C, and "black triangle" 
indicates 550°C. Any of heat treatments was performed in 
the atmosphere containing water vapor under pressure 
conditions of 2 MPa. From this result, it is seen that the 

15 thickness of the oxide film of single crystal silicon tends 
to exponentially increase with respect to the oxidation 
treatment temperature . 

FIG. 5 shows the dependence of the oxidation speed 
of the single crystal silicon oxide film on an oxidation 

20 pressure, the abscissa indicates an oxidation treatment 
pressure [MPa] , and the ordinate indicates the oxidation 
speed [nm/min] . The heat treatment was performed in the 
atmosphere containing water vapor under heating conditions 
at 600°C. From this result, it is seen that the thickness 

25 of the oxide film of single crystal silicon tends to 

increase in proportion to the oxidation treatment pressure. 
As one example of the heat treatment, .the heat 
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treatment was performed in the atmosphere containing water 
vapor under pressure conditions of 2 MPa and heating 
conditions at 600°C. In a case where an oxidation rate of 
the polycrystalline silicon was about 46 nm per hour, an 
5 oxidation rate of the amorphous silicon was about 24 nm per 
hour. When a void diameter was about 50 nm, and the 
expansion layer was a polycrystalline silicon layer, about 
two hours were required. When a void diameter was about 50 
nm, and the expansion layer was an amorphous silicon layer, 

10 about four hours were required. 

Therefore, based on these results, it is preferable 
that in the expansion step, the heat treatment is performed 
in the oxidation atmosphere under pressure conditions of 
atmospheric pressure (about 0.1 MPa) or more and under 

15 heating conditions at 400°C to 800°C. From the result of 

FIG. 5, since the oxidation speed of the expansion layer 3 
is proportional to the treatment pressure, a specific 
treatment pressure is set to a pressure which is not below 
a practical treatment time from a viewpoint of productivity 

20 or the like. This heat treatment is performed to oxidize 

the expansion layer 3 formed as the second layer in a high- 
pressure oxidation atmosphere. When the expansion layer 3 
is a polycrystalline silicon layer, the layer changes to 
silicon oxide, and the oxidized polycrystalline silicon 

25 layer expands until the thickness is approximately doubled. 
At this time, the expansion layer 3 expands to thereby 
compress an insulating film 4 such as the BPSG film that is 
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the third layer heated to lower viscosity and fluidized, 
and the void 5 in the insulating film 4 contracts as shown 
in FIG. 6A. Moreover, in a final stage of the' heat 
treatment, the expansion layer 3 expands, whereby the void 
5 5 completely disappears as shown in FIG. 6B . 

Moreover, in this stage, impurities from an 
insulating film 4 such as the BPSG film containing the 
impurities diffuse to the oxidized and expanded expansion 
layer 3, finally form a layer similar to the insulating 

10 film 4, and function as a void-free inter layer dielectric. 
For example, when the expansion layer 3 is the 
polycrystalline silicon, and the insulating film 4 is a 
BPSG film, the polycrystalline silicon is oxidized to form 
silicon oxide, and onto this film, the impurities from the 

15 BPSG film diffuse to finally form the BPSG film. 

As described above, according to the first 
embodiment of the present invention, the oxidation 
preventive layer 2 is formed on the concave and convex 
portion 1 formed by the element on the semiconductor 

20 substrate 11, on the layer, the expansion layer 3 is formed, 
and on the layer, the insulating film 4 is formed. 
Moreover, the semiconductor substrate 11 on which they have 
been formed is subjected to the heat treatment in the high- 
pressure oxidation atmosphere to fluidize the insulating 

25 film 4 and to oxidize and expand the expansion layer 3. In 
consequence, since the fluidization of the insulating film 
4 is promoted, it is possible to obtain an effect that the 
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void 5 (bubble) generated in the insulating film 4 can 
completely be eliminated. As a result, yield of the device 
can be enhanced. 

In the conventional reflow treatment in which a 
5 fluidizing effect only is expected, as the void becomes 
small, a fluid resistance increases. Therefore, it is 
necessary to raise the treatment temperature or lengthen 
the treatment time. However, in a case where the expansion 
layer 3 is used for promoting the fluidization of the 

10 insulating film 4 as in the present invention, the 

temperature and time of the heat treatment depend on 
expansion of the expansion layer 3. Therefore, as the void 
5 becomes small, the expansion of the expansion layer 3 for 
eliminating the void 5 may be reduced. In consequence, it 

15 is possible to lower the treatment temperature or shorten 
the treatment time. 

Next, there will be described the method for 
manufacturing semiconductor device in a second embodiment 
of the present invention. The method for manufacturing 

20 semiconductor device in the second embodiment of the 

present invention includes: a first film forming step of 
forming an oxidation preventive layer on a concave and 
convex portion 1 formed by an element on a semiconductor 
substrate 11; a second film forming step of forming an 

25 expansion flow layer; and an expansion step of subjecting 

the semiconductor substrate 11 having these formed films to 
a heat treatment, thereby expanding the. expansion flow 
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layer. The respective steps will be described hereinafter. 

FIGS. 7A to 7E show sectional shapes of the 
semiconductor device to which there is applied the method 
of manufacturing the semiconductor device in the second 
5 embodiment of the present invention. First, as shown in 
FIG. 7A, the first film forming step is performed to form 
an oxidation preventive layer 2 as a first layer by an 
LPCVD on the concave and convex portion 1 formed by the 
element on the semiconductor substrate 11. This oxidation 
10 preventive layer 2 is similar to that of the first 
embodiment . 

Next, as shown in FIG. 7B, the second film forming 
step is performed by the LPCVD to such a degree as to fill 
in the concave and convex portion 1, thereby forming, on 

15 the oxidation preventive layer 2 as the first layer, an 
expansion flow layer 6 as a second layer which can be 
oxidized, expanded and fluidized by a heat treatment in an 
oxidation atmosphere and which has an insulating property. 
At this time, when a void 5 (bubble) is generated in the 

20 expansion flow layer 6 as shown in the figure, or when the 
concave and convex portion 1 is insufficiently filled with 
the expansion flow layer 6 as shown in FIG. 7C, an open 
pore 7 is generated. This expansion flow layer 6 is 
preferably made of the polycrystalline silicon (doped 

25 polycrystalline silicon) containing at least one of boron, 
phosphorus and fluorine or an amorphous silicon (doped 
amorphous silicon) . As the expansion flow layer 6, in 
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addition to the above layer, it is possible to adopt all 
substances that are oxidized, expanded and fluidized in the 
oxidation atmosphere and that are oxidized to have an 
insulating property . 
5 Next, the expansion step is performed to subject the 

semiconductor substrate 11 having the formed first and 
second layers thereon to a heat treatment in an oxidation 
atmosphere, thereby expanding and fluidizing the expansion 
flow layer. In the expansion step, in the same manner as 

10 in the first embodiment, it is preferable that the heat 
treatment is performed in the oxidation atmosphere under 
pressure conditions of atmospheric pressure (about 0.1 MPa) 
or more and under heating conditions at 400°C to 800°C. 
This heat treatment is performed to oxidize the expansion 

15 flow layer 6 formed as the second layer in a high-pressure 
oxidation atmosphere. When the expansion flow layer 6 is a 
doped polycrystalline silicon or a doped amorphous silicon, 
the layer changes to silicon oxide (BSG, PSG, BPSG or the 
like) containing phosphorus, boron or the like. In this 

20 oxidation process, the expansion flow layer 6 expands. 

Moreover, the heat treatment is performed to thereby lower 
viscosity of the layer and fluidize the layer. At this 
time, the expansion flow layer 6 expands until the 
thickness is approximately doubled at maximum. 

25 In consequence, the void 5 in the expansion flow 

layer 6 is compressed to contract as shown in FIG. 7D, and 
in a final stage of the heat treatment, the void 5 
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completely disappears as shown in FIG. 7E . Even in a case 
where the open pore 7 is generated, the expansion flow 
layer 6 is subjected to the heat treatment, thereby 
expanding and fluidizing the expansion flow layer. 
5 Accordingly, after the surface of the open pore 7 is 

flattened as shown in FIG. 8A, the pore shifts to a void 8 
as shown in FIG. 8B. Moreover, thereafter the void is 
compressed to contract in the same manner as in FIG. 7D, 
and finally filled in completely in the same manner as in 

10 FIG. 7E, and the void 8 disappears. 

As described above, according to the method for 
manufacturing semiconductor device in the second embodiment 
of the present invention, the oxidation preventive layer 2 
is formed on the concave and convex portion 1 formed by the 

15 element on the semiconductor substrate 11, and on the layer, 
the expansion flow layer 6 is formed. Moreover, the 
semiconductor device on which these films have been formed 
is subjected to the heat treatment in the high-pressure 
oxidation atmosphere to expand and fluidize the expansion 

20 flow layer 6, whereby it is possible to obtain an effect 
that the void 5 (bubble) generated in the expansion flow 
layer 6 can completely be eliminated. Even in a case where 
the open pore 7 is generated because the concave and convex 
portion 1 is insufficiently filled with the expansion flow 

25 layer 6, the open pore 7 is filled in owing to the effects 
of expansion and f luidization, whereby it is possible to 
obtain an effect that the open pore 7 can be eliminated. 
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As this result, yield of the device can be enhanced. 

Moreover, in a case where the expansion flow layer 6 
is expanded and fluidized, in the same manner as in the 
first embodiment, the temperature and time of the heat 
5 treatment depend on the expansion of the expansion flow 
layer 6. Therefore, as the void 5 becomes small, the 
expansion of the expansion layer for eliminating the void 5 
may be reduced. In consequence, it is possible to 
similarly lower the treatment temperature or shorten the 

10 treatment time. 

It is to be noted that the method for manufacturing 
semiconductor device of the present invention has been 
described in accordance with the preferable embodiments, 
but it would be understood that the scope contained in the 

15 present invention is not limited to the embodiments. 

Conversely, the scope of the present invention includes all 
improvements, modifications and equivalents included in the 
appended claims. 



